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I. Introduction 
The electrocardiograghic identification of 
myocardial inf;.:trction in the presence of left bundle 
branch block has been reported in the literature to 
be difficult. Yet this electrocardiograghic diagnosis 
is of importance inasmuch as left bundle branch 
block is often a complication of myocardial infarction; 
it was present in 20(7.7 per cent) of 375 cases of 
acute occlusion of the coronary artery reviewed by 
Master and associates. l The scope of this paper will 
be a review of selected literature in chronological 
sequancafrom experimental infarcts produced in dogs 
to actual case studies attempting to differentiate 
myocardial infarction in the presence of left bundle 
branch block. Although the vector app~oach is more 
scientific in diagnosing this distinction, the 
various pattern changes in the mechanical events of 
the cardiac cycle with respect to left bundle branch 
block and infarction as presented by the various 
studies will be compared and correlated. l'he term 
"infarction" will be limited to necrosis in any part 
of the heart without regard to site of the infarct, 
ie apical, anterior, or posterior in comparing it 
with left bundle branch block. 
II. Normal Cardiac Activation 
The cardiac impulse arises at the sino-auricular 
n.ode which is the normal pacemaker of the heart, 
spreading from here trlrough the auricular musculature, 
producing the P wave in the electrocardiogram. 
FollLowing this is an iso.lectric segment which represents 
the slowing down of the impulse thru the auricular-
ventricular node with the PR interval being that amount 
of time it takes for the impulse from the sino-auricular 
node to spread through the ent~~·re auricle in addition 
to the time it takes to travel through the auricular-
ventricular node. Normally this interval is .2 seconds 
or less. After breaking through the AV node the 
impulse travels rapidly through the bundle of His 
the right and left bundle, the Purkinje's fibers 
and through the ventricular myocardium from endo-
cardium -to epicardium with ventricular activation 
represented by the iql,RS complex, normally .1 second 
or less. The ST segment follows this representing 
complete depolarization of the entire heart, and be-
cause no electric forces are normally apparent during 
this period, the ST segment is iso-electric. With 
the beginning of repolarization from epicardium to 
endocardiu~ the T wave is written and after complete 
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repolarization electrical forces are again absent and 
diastole commences with an iso-electric line appear~ 
ing after the T wave. 
Utilizing the precordial leads VI and V6 from 
a pattern point of view, in an adult normal ventri-
cular activation commences with depolarization of 
the interventricular septum and depolarization of 
the right ventricle both from left to right travel-
ing in the general direction of VI and therefore 
producing a positive deflection (r wave) in that 
lead. These same forces face away from V6 producing 
a negative deflection (q wave) in this lead callefu 
a sepjial q. Finally left ventricular depolarization 
is directed to the left in the general direction of 
V6 and away from Vl therefore producing a strong 
positive deflection (r wave) in V6 and a deep 
negative deflection (8 wave) in Vl • The intrinsi-
coid deflection in VI representing the arrival of 
the depolanization wave in the epicardial surface 
of the right vent:ricle occurs normally within .02 
seconds after the beginning of the :c~RS complex. The 
intrinsicoid deflection in V6 (peak of r) represents 
the arrival of the depolarization wave in the epi-
cardial surface of the left ventricle normally 
occuring within .05 seconds. 
5 
From a vector point of view the instantaneous 
vectors with respect to time may be considered in 
the transverse plane. The initial vector is anteriorly 
directed and the terminal vector posteriorly directed, 
thus during a single QRS cycle the instantaneous 
'ctRS vector normally rota-ces from pOinting anteriorly 
to pointing posteriorly. Thus at VI the ~RS complex 
starts with a small R wave of .02 to .03 seconds 
and the remainder of the deflection is a deep S wave. 
V6 , which lies more closely, in the frontal plane of 
the body, is predominantly a positive deflection, 
starting often with a tiny 11, wave of no more than 
.02 seconds and the remainder of the deflection a 
tall R wave. 
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III. Changes in the Electrocardiogram in Left 
Bundle Branch Block 
From a pattern point of view, as a result of 
blocking the left bundle the interventricular 
septum is activated by the right bundle in the dir-
ection from right to left producing an upright de-
flection in V6 • The forces representing right 
ventricular activation traveling away from the V6 
position may produce a notching on the upstroke of 
the R wave. Activation of the left ventricle is 
delayed because it receives the impulse slowly 
through the musculature of the interventricular 
septum ratber than through the rapid left bundle. 
As a result of the aberrant depolarization wave the 
~RS complex is prolonged to .12 seconds in Vl and 
V6 but the intrinsicoid deflection r wave in Vl arrives 
.02 seconds after the beginning of the ~RS complex. 
Thus septum depolarization from right to left 
produces an initial positivity in the left ventri-
cular cavity, doing away with the septal q waves 
usually seen in leads facing the left ventricle. 
It''rom a vector point of view in bundle branch 
block, -che sequence of depolarization andr"!repolari-
zation is altered. Basically there are three defects 
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which account for all ~RS vector abnormalities en-
countered clinically. 
1. When there is death of the myocardium, 
as in infarction ~he cells can neither be repolari-
zed or depolarized, therefore no instantaneous c:iRS 
vectors are found in this region of the heart and 
if the p9. tient survives, the abnormality in the :<iRS 
forces is often restricted to a small portion of the 
q,RS loop. 
2. In complete bundle branch block the sequence 
in which the various regions of the ventricles are 
depolarized is altered, with a change of the contour 
of the qHS loop as a result and excitation must spread 
through the myocardial syncytium. This prolongs the 
,1',RS interval as conduction through this system is 
one-tenth as fast as by conduction pathways. 
3. If there is an increase in size of one or 
another ventricle the "'lRS vectors generated from that 
ventricle become larger in magnitude causing the \oi,RS 
complexes on the various leads to be larger than 
normal in amplitude. There is no prolongation of 
the ,,~,RS interval as in left bundle branch block. 
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IV. Chc:mges in the Electrocardiogram in Infarction 
]'rom a pattern point of view and for practical 
purposes, most infarcts occur over the left ventricle 
either anteriorly or posteriorly. An electrocardio-
gram manifesting typical findings of infarction will 
showy,S or~r complexas in leads normally displaying 
RS or "",r complexes... The ict wave will be more than 2mm 
deep and .04 seconds wide in infarction with the 
normal septal q of not more than 2 rum deep and .02 sec-
ondwide. If the infarction is acute these same leads 
will:show ;:/1: segment elevations signifying current 
of injury, the T waves will be inverted as the result 
of ischemia. The ST segment elevation is the momt 
transitory because the myocardium., after infarction, 
will quickly die or recover, and in either case the 
current of injury will disappear. The I<t, wave, once 
established and representing dead muscle, is usually 
a permanent finding after an infarction has occurred. 
'rhe<i iT'lEive is the best indicator of infarction as 
many conditions from ventricular hypertrophy to 
ischemia to electrolyte imbalance may alter the T wave. 
From a vector point of view, there are four almormalities 
present in acute myocardial infarction and if all 
four abnormalities are present, this gives greater 
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significance to the fact that an infarction actually 
hap:pened. 
'l'he normal ':lRS tnterval is less than .1 second. 
In an acute infarction the initial .04 second of the 
~'(\RS vector tends to point away frnm the site of the 
infarct. 
Because of ischemia in the tissues surrounding 
the infarct the mean T vector tends to point away 
from the site of the infarct and ts more or less 
parallel with the initial .04 vector. Irhus deep Q 
waves wit.b. inverted T 'Naves in lead I, III, or a pre-
cordial lead have a high degree of reliability in the 
diagnosis of an. old infarct. 
An S-T vector due to injury current is produced 
wJ':lich points toward the site of the infarct ionl.lld 
in turn is opposite in direction to the initial .04 
vector and the mean T vector. irhus in acute infarc-
tion tne S-T segment is elevated in those leads which 
have i<:{. waves and inverted T waves and depressed in 
leads \Ili ttL initial R waves a1'ld upright T waves, but 
the previous S-T vector abnormality is only trans-
itory and returns to normal usually in a few weeks. 
In many cases of infarction the terminal .04 
vector has an abnormal direction because of peri-
10 
infarction block witb little or no prolongation of 
the (,tRS interval when this takes place. 
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v. Comparison of Criteria for Differentiating Left 
Bundle Branch Block in the F'resence of Infarction 
Lj. 
In this experiment, the effects of anterior in-
farction complicated by bundle branch block upon tbe 
form of the iqi,RS complex of the canine e1ectrocardio-
gram was experimentally demonstrated. 
In an experimental study seventy dogs Viera used. 
The heart was exposed, the right or left branch of 
the bundle of His was cut and the anter).or descending 
coronary artery was ligated in its midportion. The 
chest was then carefully restored and after a period 
of seven to forty days, when the animal had recovered 
completely from the operation, the electrocardiogra-
phic observations were made. The standard limb leads 
and unipolar precordial leads were taken with the 
chest intact. 
In dogs with normal intraventricular conduction, 
infarcts similar in size and location to those induced 
in these experiments usually give rise to large ~ 
deflections in Lead I. The significance of ~ leads 
. 5 
in Lead I in humans is later discussed by Bodeman. 
In a comparison of animals number 64 with left 
branch block only and animals 68 and 70 '.lilith both 
left branch block and anterior infarction, the limb 
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leads displayed no changes in the ventricular complex 
that suggested tne presence of infarcted cardiac 
muscle. 
In conclusion then myocardial infarcts in dogs 
induced by ligating the anterior descending coronary 
artery in its middle third do not usually modify the 
~RS complexes 6f the standard limb leads in a char-
acteristic manner when bundle branch block is present 
~hen left branch block is present, infarction of the 
kind in question does not give rise to characteristic 
changes in the complexes of the precordial leads 
because the potential of the left ventricular cavity 
and, therefore, of tihe epicardial surface of the sur-
face of the infarcted region is positive during the 
earliest part of the :~,RS interval. 
In a study of 169 cases of bundle branch block 
by Sodeman5in human beings defined by the <:VJRS intellVal 
measuring .12 seconds or more, and pronounced slur-
ring or notc.i1ing of the ~RS complex as being present. 
In 92 cases, there was no S wave in IJead I and these 
were classified as left branch block. 
The purpose of this article was to present and 
discuss observations on the evidence, in standard 
Lead I, of~RS complexes which display an initial 
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downward deflection, or Ie(, wave. 
en the oretical grounds, one might expect that 
in left bundle branch block, damage to the ventricular 
septum vwuld lead to the appearance of a 'q, deflection 
in Lead I. In uncomplicated left 'branch block, the 
cavity of the right ventricle is negative tb.rmlgh-
01.1'1:; the ,,~RS interval, but the cavity of the left is 
initially positive because of the direction of the 
electrical forces produced by activation of the septal 
muscle from right to left. This initial positivity 
is transmitted through the still inactive free wall 
of the left ventricle to the outer surface of the 
chamber and to t.he adjacent parts of tIle bodJT , 
inc1udjing the left side of the precordium, the left 
axilla, and, when the heart is in a relativelY hori-
zontal position, as in most p.ctients with left branch 
block, to the left arm. Under these circumstances 
the QRS complex of leads from the left side of the 
precordium displiJ.y no deflection, and those of Lead I 
are of the same form. llowever v!lIJ.en the septum is 
ex'tJensi vely ddmaged the electricdl forces produced 
b\r its activation are reduced or abolished, and the 
initial negatlvity of the right ventricular cavity 
is trans~ltted to th.e left, ly, to 
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those regions on tIle left side of tice bod:r are 
i i ly positive in left br bloc 
s rnLlscle is healthy. Nherl t is ens, .... ~ 
deflections occur in leads from the left slde of the 
precordium, They may be expected lead I also. 
The article goes on to state that bundle branch 
block in man is not an isol ed event, but is almost 
always complicated by other cardiac abnormalit s. 
rfb.us the form of the electrocardiogram is determined 
not only by the failure of one bundle branch to con-
duct, but by extensive lesions of the ordinary ventri-
cular muscle, as in infarction, dnd by involvement 
of other conducting tracts or t::ie Purkin,je networks. 
Therefore the possibility that the presence of ~ wave 
deflections in left branch block may be due to a 
combination of cond\iction defects must be bore in 
mind. 
Of the 92 cases of left bundle branch block de-
fined b7 the criteria previously given the frequency 
of ~ deflections in lead I were such that eight 
cases had them present ',vhereas 84 cases h~ld '~ Wcives 
absent. In conclusion, an initi downward or ~ def-
lection is very uncomllion in human left branch block 
and viThen it does occur in an electrocardlograrr. otxler-
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wise characteristic of this conduction defect, a 
lesion of the ordinary muscle of the ventricular 
septum. should be suspected. 
Iviyers6 et al reviewed a series of EGG and 
pathologic findings in infarction. Infarction of 
the interventricular septum was demonstrated pi;lth-
ologically in 102 cases, wnich represented an 
incidence of 63 per cent in a series of 161 cases. 
()f these 102 cases, a Q,RS interval of .12 or more, 
an initial upstroke in all leads facing the left 
ventricle, and an abnormally delayed intrinsicoid 
deflection in left axillary leads were found in 
four cases and were attributed to left bundle brancp: 
block. indenendent of the septal infarct in three 
of these. In remaining case, autopsy revealed 
an acute infarct limited to the left side of the 
apical two-thirds of the septum, and the subendo-
cardial layer of the anterior and posterior walls of 
the left ventricle, and tbe pattern was attributed to 
septal activation b~/ impulses dist;ributed through 
the rigsit F'urkinje plexus. 
~it necrotopsy in all four cases infarcts in-
volved approximately one hdlf of the septum. Since: 
half of the septum vms spared in each of these four 
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cases, initial R, instead of ~ waves would have been 
expected in left ventricular leads if left bundle 
branch block had been present. Because of the prev-
iously mentioned evidence against left bunc'lle branch 
block, it was concluded that the conduction defect in 
these cases was in the free wall, but that a conduction 
defect in tlle septum could not be excluded po;:dtively. 
lihus in left bundle branch blod(,. , irrespective of 
the presence or absence of septal infarction, right 
ventricular Leads VI and V2 may display ael, 'Nave, 
representing init;ia1 negativity of the right ventric-
ular cavity due to reversal in the vector associated 
with septal activation The rigrrt-to-left activation 
of the septum may produce a greater ne ive fOT'ce 
over the right ventricle that the positive force pro~ 
duced the fre'~wall of the ri:,>;l1t ventricle. They 
cOD?luded ilil1hus, in cases of left bundle branch block, 
the presence or absence of septal infarction cCinnot 
be determined frow t,he contour of tbe ~RS complex in 
right ventricular leads. 1T 
Dressler7and associates undertook a study in an 
effort! to differentiate the features of "pure left 
blIndle brancr} block from superimposed cb.anges due to 
myocardial infarc-cion with sl'ecia.l empilasis given to 
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changes of the RS-Ir segment and the 'J:i wave. fI ':rile study 
included twenty-eight pdtients with what appeared to 
be Ituncumplicatedll left bundle branch block and fifteen 
patients for whom the diagnosis was made of myocardial 
infarction in addition to block in the left division 
of the bU;Jdle. The authors were well aware that in 
the majority of patients bundle branch block is due to 
coronary arteriosclerosis and is the result of an 
ischemic lesj_on interruptiIlg the continuity of the 
intraventricular conduction pathways. However the 
number of patients with Tluncomplicatedfl left bundle 
branch block available in this Btudy was small because 
an ef'fort V'laS made to exclude not only patients vvith 
a history suggestive of myocardial infarction but 
also these which there was complaint at any t:Lme of 
anginal pain in conjunction with either effort or rest. 
Since it h~d been repeatedly stressed that m~ocardial 
infarction sometimes occurs in the absence of a histDry 
of' a classical coronary attack, and that it may be 
indicated merely by short spells of angina of effort 
or of rest the central "uncomplicatedll left bundle branch 
block group was screened in the sense that there was 
n_ei'tiher a suspicious history nor any other evidence 
suggestive of myocardial infarction. 
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In the patients with "complicatedll left bundle 
branch block, the diagnosis of myocardial infarction 
was based on post-mortem find,ings, evidence of infarc-
tion shown "by tracings which either preceded the deve-
lopment of bltndle branch bloc:k or v/ere taken after 
disappeardnce of bundle branch block, and the classi-
cal clinical picture and confirmatory laboratory evid-
ence of m;yocardial infarction. 
1. ;~i}(S Changes 
Of the twenty eight patients with uncomplicated 
left bundle branch block, certain features of the QI?S 
complex are of significance in the differential diag-
nosis of superimposed myocardial infarction.i Vlaves 
were not observed in Lead I but ',iere present three 
times in Lead III associated with an R deflection, 
and once in chest lead five. The amplitude of the ~ 
;;7aves was less tLan 1.0 mill and less than one-fourth the 
size of the following R deflection and their duration 
was no longer than .03 seconds. No notching of theQ 
wave was observed in "pure" left bundle branch block. 
Thus in this group of t"llienty eig.l:1t patients, a Q wave 
was never present in Lead I, Wflsreas Sodeman and assoc-
iates h;::lve observed a (~l in eig1:rt out of ninety-two 
patients classified as having left bundle branch block 
according to his criteria as previously stated. 
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2. ST Segment Changes 
~'ittention was now focused on tile features of the 
final ventricular complex because abnormalities of the 
RS-T segment d.nd the T waves are of paramount import-
ance in the diagnosis of myocardial infarction com-
plicating bundle branch block, e:s·pecially wtlen changes 
of the complex ::ire absent of of equivoc meaning. 
In bundle branch block the initial and final ventric-
ular complexes tend to move in opposite direction, the 
more as tbe amplitude of tile (~HS complex becomes large. 
the uncomplicated 28 cases of left bundle branch 
block prominent .E: deflections were invariably present 
in Lead I and the precordial lead froffi the Cr posi-
o 
tion. They were usually associated with depressed HS-T 
junctions, and, in general, depression of the RS-T 
junction increased with the amplitude of the l~ wave. 
3. Changes in the T Wave 
Inversion of the T wave was less regularly assoc-
iated with prominent R deflections than was depression 
of the RS-T junction. Inverted and mainly inverted T 
waves were present in Lead I in seventeen instances 
and in the precordial lead from position Crin fourteen 
Q 
instances of tJ:Je total of 28. 'Ibe inverted or mainly 
inverted II waves were always of asymmetric,,",-l S.~1:1pe, 
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their ascend.ing limb pursuing a steener course tnat 
the descending limb. l!f til.e tVJenty ei patients 
ithe RS-T ,juncCcion was depressed in but t.clJ::ee inst-
':i.nces, and in the latter rigllt was at isoelectric 
line. 
4. ?attern Changes Associated Illfarc-t,ion 
t is series the diag-
nosis of anterior infarct in association with left 
bundle branch block was made for ten ti s. 
~ ~aves were observed both in .1. in leads 
from positions on the extreme left side of the chest 
in six instances; in Lead I only in one, and in leads 
from the left side of the precordium only in one inst--
ance. Dependable evidence of myocardial infarction 
in the presence of left bundle branch block is the 
com-bination of diagnostic changes of tile "iRS complex 
wi ttL significant features in tlce i'inal ventricular com-
plex. In the group of' ten pCltients ','lith anterior wall 
infarction complicating left; bundle branch block, the 
most frequently encounted significant ch.3.nge of' the 
i'inal ventricular complex was an inve' ted iliNE.lve with 
symriletrical limbs (ind either isoelectric or elevated 
HS-fI' junction. Trlis sign W::B observed in eigj")t inst-
ances; in three it was present in Lead I and pre-
cordial leads from t. e left side simultaneously; in 
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four it was observed in Lead I only; and in one, only 
in leads from the left side of the precordium. Next 
in frequency ranged significant elevdtion of ttl.s HS-T 
junction in the chest leads. It was present in seven. 
In three instances of infarction with left bundle 
branch block, prominent S wave. in the chest leads 
were cl..ssociated with plus-minus fIl vJaves. 
In the presence of left bundle branch block, 
posterior infarction manifests itself more often by 
Significant features in the final ventricular complex 
that by changes of ~he ~RS complex. 
Sodem~n and associates had previously observed 
a Q,S de:Clection in Lead III in one-third of a grcu.p of 
"unselected ll patients with left bundle brcmch blocks. 
In Dresslers I s series of twenty eight patients ~vi th. 
uncomplicated left bundle branch block, a iciS deflection 
was present in Lead III in 25 percent. They concluded 
that the finding of ~S deflection or ~ waves in Lead 
III ll.as no significance for tne di;;;.gnosis of posterior 
infarction unless it is associated with ~ waves in Lead 
II. nWe have nev~r observed a '<t, wave L1 l.Jead II wb.en 
left bundle branch block was uncomplicated. If 
In th.e materi::;..l of tiLis study, posterior infarc-
tion was diagnosed in six patients, all of them 
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but one presented deflections or ~ waves in Lead 
III. A lei \NElVe in .Lead II was absent in four out of 
six tracings. 
Besides tLe finuing of a QS deflection or ~ wave 
in Lead I, uncomplicated left bundle branc~ block 
had in common with :posterior infarction some features 
of the final ventriculdr complex including elevation 
of the RS-T junction in Leads II and I, depression 
of the RS-T junction in Lead I ~nd in leads from the 
left side of the precordium, and inversion of the II' 
wave in Leads II and III. 
In a series of experiil:ental infarcts produced in 
dogs compa.ring these with actual clinical p'::!tients, 
8 Kennamer and rrinzLetal proposed changes in the '=iRS 
complex cind 8-T segment ',Nhich Illay -be useful in the 
diagnosis of myocardial infarction in the presence 
of left bundle branch block, desj)ite tne absence of 
the coronary ~ wave. 
1 • ".<,RS Change s 
The experimental study on tn.e change in the WtS 
complex ViaS P ormed by cu~ting the left branch of 
tIle btmdle of His in nine dogs from fmH' days to 
four weeks after ligation of the anterior descending 
art R&Slults produced three kinds of il).farc-tion 
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pat'Gerns consistent with findings indicating that 
strong positive potentials recorded on the epicardial 
surface of ventricles wittl bundle branch block are 
generated primarily by depolariaation of the epi-
cUTdial and subepicdrdial layers direct beneath the 
electrode. 
A. Subendocardi infarct;:Lon left t.',e outer 
Ip",yers of the ventricle intact causing the surface 
potential during b~ndle branch block to be the same 
as in uninfarcted ventricles. 
B. Patc'hy infarction which inactivated sorcle, but 
not all, subepicardial muscle caused a diminution 
of the surface positivity, presumably because t,e 
amount of subepicardial tissue undergoing depolariza-
tion was abnormally small. 
C. Through and through infarction of the ventricle 
with bundle branch block eliminated all electrical 
activity between the epicardial electrode and the 
subjacent cavity with til,e dead tissue serving as a 
conductor through which the small positive cavity 
potential is transmitted to the surface. The conclusion 
is that experimental infarcts confined to the deeper 
layers of the myocardium do not d,lter the normal 
surface complex. In ventricles wi trl normal conduction 
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or with bundle branch block, therefore, the surface 
electrocardiogram appears to reflect primarily the 
status of subepicardial muscle and is relatively 
uninfluenced by deeper layers of the wall. AmOn~?p~ 
t~e animals studied, the epicardial R wave recorded 
over ventricles with bundle branch block was 
considerably smaller when extensive transmural infarcts 
were present beneath th.e electrode tb .. an when tne 
underlying subepicarfiial muscle remained intact. This 
would indicate that in tients witb left bundle brancb 
block, the development of a Ifhole·~ through. t. e anterior 
wall of the ventricle shotild be manifested an abrupt 
decline of tHe H wave in precordial le::1.ds from overlying 
sit' es. 
This group has observed several p~tients with left 
bundle branch who developed marked reduc·cions in the 
size of the left ventricular R wave in association with 
myocardial damage. One patient had a persistent left 
bundle branch block following tv.[o earlier myocardial 
infarctions with I' waves 7.5 mIn tall in V 53 and 7 mID tall 
in V 6. [rhe patientj then endured an.creter myocardial 
infarct ion and the height of the R waves ViTas 3 mm and 
2 mm in V5 and V6 respectively. The authors explain 
t is reduction by the probable development of a more 
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thI'ougli-and-thI'ough infarctic)ll, or more ext ens i ve 
patchy infarcGion v;ri"Gh epicardial involvement. EmDh-
(lsis is also placed on the taking of a control electro-
cardiogI'am~' following suspected myocardial damage iiooshow 
a marked reduction in the height of the H ·wave as com-
pured wit.h preinfarction c~!1tral tracings, then the 
diagnosis of infarction is confirmed. 
In conclusion !fIn patients \Vitti bundle branch 
block, the development of myocardial infarcts involving 
large aill()Unts of subepicardial muscle may be manifest 
by a decrease in the magnitude of the wr:·lve in pre-
cordial 1eads oV€I'l:ring t.' e left ventricle. II 
2. S-T Segment Changes 
It had been previously sta-ced that in acute 
myocardial infarction significant changes are usuUjy 
limited tD the S-T segment \Nitholri:; bundle br3.Hch block, 
the S-T segmemj and 'r,vave uSUillly move in a direction 
opposi-ce to tne complex. In those Ie .ds ~here 
there is a'tall broad R deflection, the onset of the 
S-T segme:nt 1.8 usually depressed the T ~ave inverted. 
In ose leads where tr .. ere is a prominent Hide S wave 
there is usually up0vard d.isDlacetLent of H-S+J: ,junct:i on 
together vdth an upright J~f.1 wave. Dres(';ler hc:;"d T)I'8V-
iously found trat in chest leads V 2 and V 3 ti,is eleva-
tion maybe as bigh as 7mm and tIle tl.pri <ht '[I wave as 
nigh as 
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In order to understand more f'ully Lt1e S-T segment 
changes in the presence of left bundle branch block, 
a series of experiments were performed in.il1ich 
simultaneOl.1S epicardial dna sul::endc,cClrd j_al electrocar-
diograms were recorded when acute myoc 1al infarctions 
'Nas sup8rim.,;)osed on left bundle branch block in five 
do Control elec~rocdrd S Ttflere t OU' the 
ial, subendocd.rdial, cavi t;:;-, d.nd limb leads, 
anct er t, e control trac ,a large branch of the 
anterior descending coronar2 artery V<JaS tied with tra.c-
ings being taken at 30 seconds, intervals follow the 
occlusion. 'iit 30 seconds, one minute and eme and one 
ha·lf minutes after the tie, the surface lead s}'Lowed 
progressive ;3_i1: se ent elev Jtion while in t sub-
endocardial lead the S-:l:' segment rem,slined isoelectric. 
Thus the charges which occur in dogs in S-T elevation 
are primarily t!:16 same WIlen bundle branch block is 
'present as when normal conduction is Ilresent. 
The authors then site several cases of S-T segment 
changes w.bich have occurred spontaneously after a two-
step exercise test with attacks of chest pain more 
severe that ordinary dngina pectoris, but there were 
no signs of acute rnyocc:l.rdial infarction, (:md it ""vas 
belieVed that tl:8se represent ed episodes of coronary 
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insuffieiency or coronary failure. 
One example includes a patient VilLJ.O left bunaEle 
branch block and had recently developed angina pectoris. 
Before exercise .b.is connrol electroc:Jrdiogram revealed 
the left bundle bra.rlct.i block with S-T depression of 
1 mm. in Lead I, S-T elevation of 4 mm. with upright 
T wave in Vc..; and 8-'1' depression of .5 mm and a 
biphas ic '1: wave in V 6. Imll1ediat ely following a two-
step exercise test, the depression in Lead I became 
2 mlIi.; V 2 sh.owed s-'r elevation of 7 mill. wi th a 
taller more peaked T Wdve; and V 6 showed a 1. 5mrI;. 
depression. Irnis depression of t .. e 8-11 segment; in tae 
leads overl:;ring tLe left ventricle in combination Ivi th 
S_iJ: elevdtion in leads ove~lying the right ventricle 
has been observed in several other patients Nith left 
bundle branch blocl<: who lu.d s i episodes of 
cher:;t pain. 
Thus Ilt.he diagnosi~3 of acute rnyocardial infarct:ioD>Yl 
can be made frorr:. the finding of signifi.cant s-'r segment 
elevc:ction following the large ,broad, positive corrrplex 
of left; bundle branch block. Other chii.nges in the 
coronary circulation ill~y also be reflected by alterations 
in th.e H.8-T segment despite the presence of left 
bundle branch block!! namely, coronary insufficiency as 
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well as a positive two-step exercise test. 
11hus even in th.e absence of the coronary .~ w,j.ve 
in myocdTdial infarction t:e authors conclude that the 
previously discussed changes whould aid in making 
more conclusive t:he diagnosis of coronary arteTY 
disease in the presence of left bundle branch block. 
Specifically the S-T segment; ch.anges may be detected 
only if the previous tracings are available for com-
parison. 
Hi:lOads, le.,dwards, and Prui tJ corTelated patholo,"sic 
electrocardiograpu.ic, and clinical data in 39 cases 
in vlihich there was a confluent myocardial infarct in 
tile presence of left bundle ht'anch block:; , The mctterial 
consisted of cases in which necropsy was performed at 
tne Mayo CJ.inic between January, 1947, and April, 1959, 
in which all of the following characteristics prevailed; 
1. a confluent myocardial infarct, either recent or 
healed, as reve ed on examination; 2. availc;tbility 
of electrocardiograms, includ.ing ':l minium of three 
standard leads and three precordial leads, taken at a 
time iNhen the infarct was present as ,judged retrospec-
tively by pathologic examination correlated wit;h clinical 
findings. 3. presence of left b' ndle-branch 1bloclr v{hen 
the ini'arct was present as judged by pathologic exam-
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ination_ and clinical history. Irhe 39 cases of left 
bundle bran.cb block were included in this study if 
they met all of the follovving criteria; 1. ,<~)iS complex 
of .12 seconds or greater. 2. Sinus origin of the ~RS 
co '~''i'' "X 3. ~_i-;l_R l' nt- e-rval of .1~.2 p h'~ (,)na1_Q ('Jr -hi,1--..LC;.. • _ 'J,_,--, ~_ er. 
4. No S wave in Lead I. 5. Broad H wave in left 
precordial leads, or in Lead c:"VL if tlle left precordial 
leads were transitional in form. 6. Intrinsicord deflec-
tion starttng .08 seconds or longer after the beginning 
of the (~RS complex in leads over the left ventricle and 
? • '~~S or rS wave forms in Lead V 1 wi til normal intrilsi-
co}:d deflection. 
They conclude that substantial evidence of trans-
mura:l ~_ a nteroseptal myocardial infarction in the 8-
eDce Gf left 'bundle branch block Nould appear to be 
afforded a ~ deflection in Lead I or b a Q deflection 
'\ 
or Ie{. wave, eQ.l)iv:a.lent in predordia1 lead VS' 
SuppDrti ve evidence of infarction involving; the 
posterior wall of the left ventricle in the sence 
of left bundle branch block would appear to be afforded 
by a Q deflection in Standard Leads II and III as it 
Nd.S 3 of 39 casles in vlhich tL8 diagnosis of posterior 
infarct was Inade at necropsy. '1:11is compares consistently 
with Dressler. 
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In two of the three instances in which electrocard-
iograms showing left bundle brancl1 block: (!lere recorded 
both before and after myocardial infarction, the height 
of the R waves in the standard leads decre~lsed markedly. 
This is consistent with Dressler and associates. 
Changes in the S-T segments and C[l waves of a degree 
to be considered suggestive of myocardial infarction 
occurred in a minority of cases in which myocardial 
infarcts were recent, which is not consistent with 
Dressler. 
B. Vectors Ohanges 
trIn m:rocardial infarction the first forces of i:;he 
ictHS interval are ch~3..nged in direction.iNhat hap~)ens 
to tilis deformity of first forces when left bundle 
branch block alters the '\Nay in '{/h.ich excitation enters 
the left ventricle, one might guess that left bundle 
branch block will furthur alter these initial Q,RS. vector 
abnormalities of inf':3.rction. {rhis is exactly the case. 
o mat-c;er Vvh,::tt direction the ir.l.itial forces have been 
caused to take by infarction left bundle branch block 
will cause them to point leftward and posteriorly. This 
L; completely obscures the initial '-iRS force deformity 
of infarct ion, and vii th our present knowl~dge, there 
is no way to make tie diagnosis of infarction from the 
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~, 
,-iRS complexes when left bundle branch block is presant·fl • 
IJlhis means tJ.'at there is no way to detect infarc-
tion in the presence of left bundle branch block from 
the direction of the initial .04 vector. Nor h.3.S any 
abnormality of later ~RS forces been so far identi1'ied 
in left bundle branch block which would indicate the 
presence of infarction. ira be sure, if the infarction 
is acute there may be S-'r and 'I' vector ab:uormalities 
present characteristic of infarction, but these and 
the direction of the ventricular gradient are the 
only elemtrocardiographic clues of infarction to be 
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seen in the tracing with left bU.ndle branch block. II 
Some of the pattern St-T ch~nges have already been 
discussed. If it is due to a conduction defect, it 
will be directed from 150 to 180 degrees awa;y from 
ttle mean spatial \oi,RS vect r. If it ts not; more or 
less opposite in direction to the mean ~RS vector, 
the ·l)resence of current of inju.ry be suspected. 
1>rimary Ill-vectJor abnormalil:;ies are due to 
aIT;erations of myocardial cellular metabolism, and 
repolarization it=:; delayed at t::le affected region of the hea.rt 
V11 . .' tch take place when repolarization in impaired but 
not prevented at one or another region of the heart. 
A secondd.ry T-vector abnorwo.lity is seen in 
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ventricular conduction disturbancE;s in which, the 
T-vec~or alteration is specific for the alteration 
in ~RS vectors which the conduction defect (laS 
produced. 
The ventricular gradient is a IDeaSlJrement of the 
extent to vvl1ich the mean spatial :I'-vect,'r in a given 
pati has been prevent from having its hypo-
tlhetic3,1 direction oppos1 te to the ,l',HS VeCG,_ r, thus 
,vith left b Ie h b10c2:';: t vE;cd::;ricul,,,r 
h; unchanged in magnitude or direction, indicating 
that only secondary T-vector changes are present, but 
if the ve~tricul~r gradient has a different and 
abnormal ction, indic,J,ting that the 'r vvaves 
T vector are affected b~r both primary and second-
ary alterations. 
DePasquale and Burch presented the spatial 
vectorcardiograms of fifteen patients with left 'bmldle 
bra.nch block cOlTI,()licated by myocardial infarction 
proved b y autopsy and describe distort1ons in the 
\:;!.RS-sE-loops not usually found in p,-,-tie:D_ts vd tnout 
myocardial infs..rction. 1J:1hey suggest continued correlation 
of tb,e spatial vec corcardiogram in left bundle branch 
blocl< with autopsy studies should be useful in making 
this distinction. 
33 
_~. _____ .~ _____ • ___ ··_~w_·_, _----.. ,.~ __ ~ _________ ~~ _______________ _ 
Jl Using vector analysis Angle postula.tes the 
electrocardiographic recognition of myocardial infarction 
from ~RB changes and in the presence of left bundle 
branch block based on the demonstration of either 
of the two vectors or loops resulting fj)cfm inf7:lrction, 
namely, the ,<tR8-dei-Jthand peri-infarction block vectors. 
IIlf an electrocardiogram prior to infarction is 
not available, the analysiS can still be made if there 
Citre serial changes on two or lliore electrocardtor;rams 
naken after infarction. rt 
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VI • Summary 
Various studies from experimental infarcts 
produced in dogs to actual clinical studies based on 
pattern and vector changes have been presented attemp-
ting to differentiate myocardial infarction in the 
pres:ance of left bundle branch block. 
In chronological se:Juence the criteria of left 
bundle branch block and cLldnges in the "-:(' "'fave, '<tRS 
changes, terations of tne ST segment and T waVB 
changes are compared in ttJe presence of myocardial 
infarction mainly b;y patterns, and by vectors to a 
lesser extent. 
st of the authors agree that TNith the pro-
longation of the ,<iW3 interval in left b ndle branch 
"block, the septal \c~ of myocardial infarction is 
obliterated, transitory alterations of the S-T segment 
may occur in acute myoci:irdial infCJTction, whereas 
changes in the T wave m.dy be caused by a variety of 
conditions including coronary insuffieiency and 
exercise. [rhe value of a control electrocardiogram 
with left bundle brdnc.h block tal<::en. before thenew~;nfarct is 
discussed. 
However from a veCGor point of view without 
regard to tl'l8 site of infarct, tlle alteration of 
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the ventricular gradient in primary and secondary 
'II wave changes is discussed. Even in the absens6 
of a previous tracing, the possibility of diagnosis 
of myocardial infarction is postulated with anyone 
of two infarction vectors being present. 
36 
VII. Oonclusion 
In complete left bundle branch block the "6HS 
complex is prolonged to .12 seconds usually alter-
ing the septal ~ wave normally seen in leads facing 
the left ventricle. Left bundle branch block may be 
manifest after infarction making the diagnosis of a 
new infarct superimposed upon te old infarct difficult 
'J:he .~ wave v..rill be more than 2 mIG. deep and .04 second 
wide in infarction witn the normal septal ~ not more 
t11an t is. If the infarct ion is acute, ST segment 
elevati.~·ns are traI§itory as the myocardium, and tile 
current of injury will disappear. 
Criteria for pattern differentiation is cLiscussed 
by various authors each giving his own criteria defin-
bundle branch block in the presence of infarction 
of vari,)us parts of the ventricle. No conclusion can 
be drawn from t.tlese studies as various changes in the 
'ol.i'N3.ve, ~HS complex, and R;j_f[1 SE:; ant are not conclusive 
and sometimes contradictory'. J:lolrvever the vallIe of 
a suspected post-infarction elec~rocardi is 
arsreed upon as a valuable adjunct. 
3? 
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